Background and Purpose-The risk of stroke in patients with atrial fibrillation (AF) is not homogeneous, and various clinical risk factors have informed the development of stroke risk stratification schemes (RSS). Among anticoagulated cohorts, the emphasis should be on the identification of patients who remain at high risk for stroke despite anticoagulation. Methods-We investigated predictors of thromboembolism (TE) (NICE 2006) and 0.647 (CHA 2 DS 2 -VASc). CHA 2 DS 2 -VASc classified 94.2% as being at high risk, whereas most other RSS categorized two-thirds as being at high risk. Of the 184 TE events, 181 (98.4%) occurred in patients identified as being at high risk by the CHA 2 DS 2 -VASc schema. There was a stepwise increase in TE with increasing CHA 2 DS 2 -VASc score (P trend Ͻ0.0001), which had the highest HR (3.75) among the tested schemes. The negative predictive value (ie, the percent categorized as "not high risk" actually being free from TE) for CHA 2 DS 2 -VASc was 99.5%. Conclusion-Coronary artery disease and smoking are additional risk factors for TE in anticoagulated AF patients, whereas alcohol use appears protective. Of the contemporary stroke RSS, the CHA 2 DS 2 -VASc scheme correctly identified the greatest proportion of AF patients at high risk, despite the similar predictive ability of most RSS evidenced by the c-statistic. (Stroke. 2010;41:2731-2738.)
A trial fibrillation (AF) is associated with a substantial risk of stroke and thromboembolism (TE), but this risk is not homogeneous. Various clinical risk factors have formed the basis for stroke risk stratification schemes (RSS) and clinical practice guidelines for stroke prevention in patients with AF. 1 Although stroke rates in AF cohorts are declining, 2 the relative risk reduction achieved with warfarin over aspirin applies to patients with AF at intermediate or moderate risk as well as to patients at high risk. 3 Incorporation of these trends into clinical practice requires contemporary data to assess stroke risk factors and the relative predictive value of RSS. As novel anticoagulants are developed that are safer and more convenient than the vitamin K antagonists, 4 stroke RSS must evolve to more accurately identify subjects at "truly low risk," because a higher proportion of the remainder becomes candidates for anticoagulation. These RSS should also minimize classification of patients into the "intermediate/moderate risk" category because optimum antithrombotic therapy is less clearly defined according to current guidelines. [5] [6] [7] Many risk factors have been derived from analyses of cohorts of the nonwarfarin arms of clinical trials, 8 and others have not been systematically assessed or documented in the trial setting. Inclusion of stroke risk factors into RSS requires validation in multiple populations, although many have been derived and validated largely in trial cohorts. For example, one of the most commonly used schemes, the CHADS 2 (Congestive heart failure, Hypertension, Age, Diabetes, Stroke [Doubled] ) score, evolved from the AF Investigators and Stroke Prevention in AF (SPAF) Investigators risk stratification scheme, and was validated in the National Registry of Atrial Fibrillation cohort 9 as well as in a pooled analysis of patients treated with aspirin. 10 More recently, the 2006 American College of Cardiology/American Heart Association/European Society of Cardiology (ACC/AHA/ESC) guideline risk schema 6 [Female] ) score, which was validated in a European cohort of 1084 subjects who were not anticoagulated at baseline. 11 A recent paradigm shift toward a preference for anticoagulation over antiplatelet therapy for stroke thromboprophylaxis 12 highlights the importance of evaluating the ability of stroke RSS to identify patients at moderate or high risk for stroke. In addition, the identification of patients who remain at high risk for stroke despite appropriately managed anticoagulation (adequate time in therapeutic international normalized ratio range) is paramount and data on the ability of current stroke RSS to do this are limited, 13, 14 with only 1 small study comparing the predictive ability of contemporary stroke RSS. 14 The objective of the present analysis was to identify risk factors for TE in a dataset of 2 large contemporary phase III clinical trials, the Stroke Prevention using an Oral Thrombin Inhibitor in Atrial Fibrillation (SPORTIF) III and V trials, which compared warfarin against the oral direct thrombin inhibitor ximelagatran for prevention of stroke and systemic embolism in patients with AF at moderate-high risk. 15, 16 We used this cohort to assess the predictive value of contemporary stroke RSS (CHADS 2 9 Framingham, 17 NICE 2006, 5 ACC/AHA/ESC 2006, 6 ACCP8, 7 and CHA 2 DS 2 -VASc 11 ) in identifying patients at high risk for stroke despite anticoagulation as well as providing additional validation of the CHA 2 DS 2 -VASc scheme in an anticoagulated clinical trial cohort.
Subjects and Methods

Study Population
We investigated predictors of TE risk in an anticoagulated clinical trial cohort of 7329 subjects with AF (using warfarin or ximelagatran) participating in the SPORTIF III and V trials and tested the predictive value of several contemporary RSS, specifically the CHADS 2 , 9 Framingham, 17 11 and the modified CHADS 2 scheme by Rietbrock et al. 18 The rationale, design, and results of SPORTIF III and SPORTIF V have been published. 15, 16 In summary, these randomized, multicenter, parallel group trials compared ximelagatran with warfarin for prevention of stroke and systemic embolism in patients with nonvalvular persistent paroxysmal or permanent AF at moderate-high risk for stroke based on the 2001 guideline recommendations. 19, 20 Participants were randomized to either fixed-dose ximelagatran, 36 mg twice daily, or dose-adjusted warfarin to maintain the international normalized ratio between 2.0 and 3.0. Treatments were administered as open-label in SPORTIF III and as double-blind in SPORTIF V.
Ascertainment of Outcomes
After randomization, patients were seen at 1, 4, and 6 weeks, and then at 2, 3, 4, 5, 6, 8, 10, and 12 months, and every 3 months thereafter for detection of stroke or systemic embolism (primary events), TIA, acute MI, or bleeding complications. Periodic administration of a standard stroke symptom questionnaire enhanced event detection; positive responses prompted additional evaluation. A study-affiliated neurologist or stroke specialist, blinded to treatment allocation, evaluated all possible primary events and TIA as quickly as feasible based on clinical findings and results of CT or MRI of the brain. An independent, central, clinical event adjudication committee, also blinded to treatment, reviewed clinical reports of all primary and secondary events.
Classification Schemes
The various stroke risk schemes examined in this cohort are summarized in Table 1 . The Framingham and CHADS 2 schemes are point-based scores, the Framingham is based on a mathematical formula that assigns point values to age, gender, systolic blood pressure, diabetes, and previous stroke or transient ischemic attack, 17 and the CHADS 2 is based on 1 point for congestive heart failure, hypertension, age older than 75 years, and diabetes, and 2 points for previous stroke or TIA. 9 We defined the CHADS 2 score in 2 ways: (1) classical, whereby scores of 0ϭlow risk, 1 to 2ϭintermediate risk, and Ͼ2ϭhigh risk; and (2) revised, whereby scores of 0ϭlow risk, 1ϭintermediate risk, and Ն2ϭhigh risk. We categorized the Framingham score in a manner similar to that proposed by Fang et al 21 as follows: score 0 to 7ϭlow risk, 8 to 15ϭintermediate risk, and 16 to 31ϭhigh risk. The CHA 2 DS 2 -VASc score includes categories of 0ϭlow risk, 1ϭintermediate risk, and Ն2 as high risk. 11 In addition to these (artificial) definitions commonly used in clinical practice, the predictive abilities of the Framingham, CHADS 2 , and CHA 2 DS 2 -VASc scores were also evaluated (perhaps more appropriately) as continuous variables.
Statistical Analyses
With the combined datasets from SPORTIF III and SPORTIF V, the primary study for this analysis compared the predictive accuracy of the classification schemes for the first occurrence of stroke (ischemic or hemorrhagic) or systemic embolic event. The intention-to-treat analyses included all randomized participants until study closure irrespective of continuation of treatment actually received. Cox regression modeling with TE as the dependent variable was used to estimate the impact of individual risk factors through univariate analyses. Hazard ratios (HR) were obtained through these models with 95% CI. All potential TE risk factors investigated in the univariate analyses were analyzed in a multivariate Cox regression analysis, in which only variables with PϽ0.05 in the presence of other selected variables were retained in the final model. For all investigated risk stratification schemes, TE rates per patient-year were estimated after stratification of patients into categories of low, intermediate, and high risk, with HR obtained for each increase in risk cohort from Cox regression modeling. The c-statistic, a measure of the area under the receiver-operator characteristic curve, quantified the predictive validity of the classification schemes using the scoring schemes as continuous variables and tested the hypothesis that these schemes performed significantly better than chance (indicated by a c-statistic Ն0.5). The c-statistic quantifies discriminate ability, whereas the HR quantifies the increased relative risk of stroke across risk strata.
Results
The univariate and multivariate predictive powers of various stroke risk factors and TE are shown in Table 2 . By univariate analysis, previous stroke, TIA, or systemic embolism, age 75 years or older, coronary artery disease, smoking, and female gender predicted an increased risk of TE, whereas reported alcohol use predicted lower risk. Of note, diabetes mellitus, hypertension, and left ventricular systolic dysfunction were not predictive of TE in these patients. By multivariate analysis, the only significant predictors of TE were previous stroke or TIA ( *Only factors associated with PϽ0.05 in the presence of other selected variables were retained in the final model. These results did not appear to be related to major differences in anticoagulation control amongst warfarin-treated patients; for example, amongst the 3665 patients treated with warfarin, the mean of the patients individual mean INR amongst nonsmokers (nϭ3331) was 2.42, and the mean of the individual patients time in range (INR 2-3) was 66.1%. Corresponding results for smokers (nϭ334) were 2.44 and 65.7%.
†Hazard ratio resulting from Cox regression model. TIA, transient ischaemic attack.
The various RSS classified patients differently (Table 3 , Figure 1 ). Because of the SPORTIF inclusion criteria, very few, if any, patients were classified as low risk by the various RSS, with the exception of the Framingham risk schema, which classed 40.1% as low risk using the cut-offs used by Fang et al. 21 CHA 2 DS 2 -VASc did not categorize any patients as low risk, whereas Ϸ2% of patients were classified as "low risk" by the other RSS (Table 3 ). All RSS with the exception of CHADS 2 (classical) and CHA 2 DS 2 -VASc categorized approximately two-thirds of the patients at high risk for stroke, whereas CHA 2 DS 2 -VASc categorized most patients at high risk (94.2%).
One hundred eighty-four TE events occurred during the 11 233 patient-years of follow-up (1.64% per 100 patientyears). The highest TE event rate occurred in patients defined as high risk by the Framingham schema (2.98%), with all other risk schema, with the exception of CHA 2 DS 2 -VASc, reporting a 2% TE event in those at high risk. Of note, CHA 2 DS 2 -VASc correctly identified 181 (98.4%) who experienced a TE event as being at high risk. All RSS had c-statistics Ͼ0.50, demonstrating greater predictive accuracy for TE than chance. The c-statistics for TE ranged from 0.575 (NICE 2006) to 0.647 (CHA 2 DS 2 -VASc). Increasing CHA 2 DS 2 -VASc score was associated with a stepwise increase in rates of TE (P trend Ͻ0.0001; (Table 3 ). The negative predictive value (ie, the percent categorized as "not high risk" actually being free from TE) for CHA 2 DS 2 -VASc was 99.5%, which is reassuringly high and in excess of any of the other schema undergoing comparison (data not shown).
Discussion
In this study comparing several stroke RSS in anticoagulated AF patients, the CHADS 2 , Framingham, and CHA 2 DS 2 -VASc schema demonstrated broadly similar predictive ability for TE events (0.64, 0.62, and 0.65, respectively). The CHA 2 DS 2 -VASc schema categorized the greatest number of patients as high risk (94.2%) compared to almost all the other RSS (except Framingham), which classified two-thirds of patients as being at high risk. Despite the similar predictive ability of the RSS, evidenced by the c-statistic, CHA 2 DS 2 -VASc accurately predicted 98.4% of the TE events that occurred as being in the high-risk category. In addition, CHA 2 DS 2 -VASc had the highest HR of the tested schemes for incremental risk strata and a high negative predictive value for TE.
By multivariate analysis, the only significant predictors of TE were previous stroke or TIA, advanced age (75 years or older), coronary disease, smoking, and reported nonuse of alcohol. These observations are largely consistent with previous analyses, 8, 22 whereas other previously identified risk factors, such as hypertension, diabetes, heart failure, and left ventricular dysfunction, were not independent predictors of TE in this trial cohort.
The lack of an association between hypertension and TE in these analyses may be attributable to blood pressure control.
Typically, in randomized, controlled trials of antithrombotic therapy for stroke prevention, hypertensive patients must have good pressure control. An earlier analysis of the SPORTIF dataset demonstrated that the mean (SD) blood pressure was 131.8 (13.6)/77.5 (7.9) mm Hg, and that TE event rates were low with well-controlled hypertension and increased with poor blood pressure control. 23 In addition, the importance of heart failure as a predictor of stroke risk in patients with AF has been questioned. 8 In keeping with a link between stroke and atherothrombotic vascular disease in patients with AF, we found that coronary artery disease was an independent predictor of primary events, given the high cardiovascular risk of AF associated with MI 22, 24, 25 and peripheral arterial disease. 26, 27 Cigarette smoking was associated with an increased risk of stroke, whereas reported alcohol use appeared protective. Smoking or nicotine may influence drug pharmacokinetics/ dynamics, as well as other stroke risk factors. The AF Investigators failed to find that smoking was a significant independent risk factor for stroke, although there was a higher incidence of stroke in smokers compared to nonsmokers. 28 Smoking has been associated with decreased mortality in the Copenhagen Stroke study, 29 although this effect was significantly attenuated by age in multivariate analyses. In contrast, alcohol abuse is commonly regarded as contraindication to anticoagulation and was a reason for exclusion from clinical trials (including SPORTIF). One small, cross-sectional study found diabetes, alcohol, smoking, and left ventricular hypertrophy were risk factors for stroke among 60-to 69-year-old men with AF. 30 Alcohol abuse has been associated with multiple medical complications, including stroke, and although modest alcohol consumption has been associated with reduced rates of cardiovascular events, we are unaware of reports of a stroke-preventive effect in patients with AF.
This work also extends the validation of the CHA 2 DS 2 -VASc score in the Euro Heart survey of AF 11 to a large anticoagulated clinical trial cohort. In the Euro Heart analysis, which was confined to nonanticoagulated AF patients at baseline, the CHA 2 DS 2 -VASc score performed marginally better than other schemes in that patients classified as "low risk" experienced no TE events during follow-up. In the present analysis, we were unable to confirm the predictive accuracy of this low-risk stratification, because patients without risk factors were excluded by the protocol, although 40% were still classified as "low risk" according to the Framingham score. Furthermore, compared to the CHADS 2 , 9 which classified Ͼ60% into the intermediate/moderate risk category, and the scheme of Rietbrock et al, 16 which classified 70% into the intermediate/moderate risk category, only 15% were assigned to this risk stratum by the CHA 2 DS 2 -VASc scheme.
Previous comparisons of stroke RSS have been published, 10, 11, 13, 14, 17, 18, 21, 31 but only the recent analyses by Lip et al 11 and Poli et al 14 
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derived from the nonwarfarin arms of clinical trial cohorts, in which the risk factors are often inadequately defined or incompletely recorded; also, the generalizability of trial cohorts have been questioned because only Ͻ10% of those screened in the initial trial cohorts were randomized. 28 As examples, peripheral artery disease 26, 27 and MI 24,25 -wellestablished risk factors for stroke and mortality-do not factor in most schemes, apart from NICE, 5 CHA 2 DS 2 -VASc, 11 and van Walraven et al. 32 Female gender increases the risk of stroke in patients with and without AF; 33, 34 however, women are under-represented in clinical trials of stroke prevention, prompting debate over the biological plausibility of this risk factor. 5 Of note, female gender is a risk factor in the Framingham 17 and the SPAF schemes, 35 and this has not been incorporated into all guideline recommendations. Two studies compared the ACCP6, ACCP7, SPAF, AFI, Framingham, van Walraven, and CHADS 2 schemes in cohorts of anticoagulated AF patients; one is based on patients in an anticoagulation clinic 14 with limited follow-up and another is based on the SPORTIF population. 13 Even the analysis of Gage et al 10 is based on subjects receiving antiplatelet therapy, which may have a small effect on event rates. The analysis we describe extends these by using more contemporary stroke RSS and tries to identify those patients remaining at high risk for stroke or TE despite anticoagulation. Because the availability of a contemporary nonanticoagulation AF cohort is increasingly unlikely, a hypothetical exploration of TE event rates in relation to the CHA 2 DS 2 -VASc score if the population were not anticoagulated is shown in Figure 2 .
It is worth emphasizing that the c-statistic in one validation study cannot be compared to that derived from another study, given the differences in study population and event rates. Nonetheless, published schemes have not improved their predictive ability (c-statistics still Ϸ0.6) despite the evolution of RSS over the past 15 years. More accurate identification of patients at low risk will be important as better anticoagulant drugs are introduced that offer a wider therapeutic margin than vitamin K antagonists, allowing more effective treatment to a broader segment of the AF population. 12 In the present study, the negative predictive value for CHA 2 DS 2 -VASc was high and greater than that of any of the other schema undergoing comparison.
Limitations
Stroke rates and risk factors derived from clinical trial populations may differ from those in clinical practice. The inclusion criteria for the SPORTIF trials resulted in underrepresentation of patients at low risk, preventing definitive conclusions about the value of these indices to identify those at truly low risk, as was evident in our earlier analysis. 11 In addition, this analysis did not identify hypertension, diabetes mellitus, and heart failure as independent predictors of TE, partly because patients were selected for inclusion into the trials on the basis of these risk factors. As mentioned previously, better control of blood pressure reduces the rate of stroke and it is possible that within the clinical trial setting, modifiable risk factors for stroke, such as hypertension, diabetes mellitus, and heart failure, are better-detected and managed, thereby reducing the effect of these risk factors on TE, which may explain the lack of an association demonstrated in the present analyses. Perhaps most important, because this analysis was confined to anticoagulated patients, risk factors most effectively ameliorated by anticoagulation may not be identified. The value of one RSS schema over another needs to be tested in a cohort of patients, either nonanticoagulated or anticoagulated, including patients with a wider range of risk factors, ie, low, moderate, and high, to determine the predictive ability and identify the most appropriate RSS. The use of an anticoagulated cohort with both warfarin and ximelagatran may introduce potential heterogeneity between treatment allocation; however, in the prespecified pooled analysis of the 2 trials, there was no significant difference in TE between the treatments (1.62% per year in those using ximelagatran and 1.65% per year in those using warfarin; Pϭ0.941). 36 The results for the impact of individual risk factors between the treatments was also surprisingly consistent when analyzed (data not shown).
Identification of patients who remain at high risk for stroke despite anticoagulation may affect treatment strategies in clinical practice. Outside of the clinical trial setting, maintenance of an adequate time in therapeutic range is more difficult to attain, but this would be of paramount importance in anticoagulated AF patients at high risk to reduce the risk of TE or major hemorrhage. These patients may require more frequent international normalized ratio testing and dose adjustment, or self-management of omeprazole-amoxicillinclarithromycin therapy to improve time in therapeutic range may be an option, 37 and such patients might benefit from pharmogenetic dosing. 38 In addition, the current practice of withholding omeprazole-amoxicillin-clarithromycin therapy for elective surgical procedures may need to be reviewed in patients at high risk for stroke despite anticoagulation, warranting a reduction in omeprazole-amoxicillin-clarithromycin or bridging therapy.
Conclusion
This analysis identifies coronary artery disease and smoking as additional potential risk factors for TE in patients with AF. Of the available RSS, the CHA 2 DS 2 -VASc scheme correctly identified the greatest proportion of AF patients at high risk, despite the similar predictive ability of most RSS evidenced by the c-statistic.
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Abstract 11
Original Contributions
VASc 评分 [11] )，并利用 CHA 2 DS 2 -VASc 评分在抗凝 积分 6-14 [26, 27] 及心肌梗塞 [24, 25] 作为导致 脑卒中及增加死亡率的危险因素早已被大众广泛接 受， 但 是 除 NICE 指 南 [5] 、CHA2DS2-VASc 评 分 [11] 及 van Walraven 等人 
